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[Title of the Invention] Polarizing plate with wide viewing 
field 

[Scope of Patent Claims] 
[Claim 1] 

A polarizing plate with wide viewing field forming a 
birefringence layer A having the phase difference in a thickness 
direction which is defined by a formula :(ns - nz)d and is set 
to not more than 3 00 nm and the intra-plane phase difference 
which is defined by a formula : (ns - nf )d and is set to not more 
than 20 nm and a birefringence layer B having the intra-plane 
phase difference which is set to 50 to 200 nm and Nz which is 
defined by a formula (ns - nz) /(ns - nf) and is set to 0.8 to 
3.5 on one side of a polarizing layer, wherein ns indicates a 
refractive index in a lagging axis direction, nf indicates a 
refractive index in a leading axis direction, nz indicates a 
refractive index in a thickness direction and d indicates a 
layer thickness, and the lagging axis of the birefringence layer 
B and the transmission axis of the polarizing layer have either 
a relationship of being parallel to each other or a relationship 
of intersecting each other at a right angle. 
[Claim 2] 

A polarizing plate with wide viewing field according to 
claim 1, wherein the birefringence layer A is also used as a 
transparent protective layer of the polarizing layer. 
[Claim 3] 
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A polarizing plate with wide viewing field according to 
claim 1 or 2, wherein a portion or the whole of the birefringence 
layer A, the birefringence layer B and the polarizing layer is 
formed of a polymer film. 
[Claim 4] 

A polarizing plate with wide viewing field according to 
claims 1 to 3 , wherein the birefringence layer A is made of 
triacetylcellulose . 
[Claim 5] 

A liquid crystal display device having the polarizing 
plate with wide viewing field according to claims 1 to 4 formed 
on at least one side of a liquid crystal cell. 
[Detailed Explanation of the Invention] 
[0001] 

[Technical Field to which the Invention pertains] 

The present invention relates to a polarizing plate with 
wide viewing field which is capable of forming a liquid crystal 
display device having a large well-visible viewing angle range. 
[0002] 
[Prior Art] 

A liquid crystal display device has attracted attentions 
due to its many characteristics such that the device can be 
directly connected to an IC circuit at a low voltage and with 
a low power consumption, has versatile display functions and 
is excellent in light-weight property or the like and hence. 
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the liquid crystal display device has been widely spread as 
various display means including an OA appliance such as a word 
processor or a personal computer, a television, a car navigation 
monitor, an airplane cockpit monitor and the like. However, 
so many years have passed since it was pointed out that the 
viewing angle range of good visibility is narrow compared to 
that of a CRT. 
[0003] 

It is considered that the narrowness of the viewing angle 
range is caused by a phenomenon that an optical anisotropy 
intrinsic to the liquid crystal influences the viewing angle 
characteristics of the visibility so that linear polarized 
light which is incident on the liquid crystal cell through the 
polarizing layer is converted into the elliptically polarized 
light or an azimuth angle is changed. That is, when the display 
light in the polarized state which has passed the liquid crystal 
cell is made to be directly incident on the viewing-side 
polarizing layer, corresponding to the increase of the viewing 
angle, that is, an angle as viewed using a front (vertical) 
direction as the reference, the transmittance is deteriorated 
thus bringing about the deterioration of the visibility such 
as the shortage of the display brightness, the inversion of the 
gray scale or the change of color such as coloring. 
[0004] 

Conventionally, as a method for enlarging the well- 



4 



visible region, that is , as a method for enlarging a viewing 
angle range of a liquid crystal display device, a method which 
uses a phase difference plate has been known and various plates 
have been proposed as such a phase difference plate (Japanese 
Patent Laid-Open No. 229828/1992, Japanese Laid-Open No. 
258923/1992, Japanese Patent Laid-Open No. 75116/1994, 
Japanese Patent Laid-Open No. 174920/1994, Japanese Patent 
Laid-open No. 222213/1994). However, any one of these plates 
fails to obtain a sufficient improvement effect with respect 
to the enlargement of the viewing angle having a favorable 
visibility. 
[0005] 

[Task to be solved by the Invention] 

It is a task of the present invention to enlarge the 
well-visible range of a liquid crystal display device by 
improving a polarizing layer which is arranged with respect to 
a liquid crystal cell. 
[0006] 

[Means for solving the Task] 

The present invention provides a polarizing plate with 
wide viewing field forming a birefringence layer A having the 
phase difference in a thickness direction which is defined by 
a formula: (ns - nz)d and is set to not more than 3 00 nm and the 
intra-plane phase difference which is defined by a formula: (ns 
- nf)d and is set to not more than 20 nm and a birefringence 
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layer B having the intra-plane phase difference which is set 
to 50 to 200 nm and Nz which is defined by a formula: (ns - nz) 
/(ns - nf) and is set to 0.8 to 3.5 on one side of a polarizing 
layer, wherein ns indicates a refractive index in a lagging axis 
direction, nf indicates a refractive index in a leading axis 
direction, nz indicates a refractive index in a thickness 
direction and d indicates a layer thickness, and the lagging 
axis of the birefringence layer B and the transmission axis of 
the polarizing layer have either a relationship of being 
parallel to each other or a relationship of intersecting each 
other at a right angle. 
[0007] 

[Effect of the Invention] 

Due to the above-mentioned constitution which arranges 
a superposed birefringence layer consisting of the 
birefringence layer A and the birefringence layer B on one side 
of the polarizing layer and which makes the transmission axis 
of the polarizing layer and the lagging axis of the 
birefringence layer B have either a relationship of being 
parallel to each other or a relationship of intersecting each 
other at a right angle, the liquid crystal display device can 
prevent the deterioration of the brightness and the contrast 
without receiving the influence of the phase difference of 
respective birefringence layers in a front direction 
perpendicular to a surface of the polarizing layer, can enlarge 
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the region of well visibility which is free from the color 
change such as coloring or the like and the inversion of gray 
scale and exhibits the excellent contrast and brightness by 
compensating for the change of state of the linear polarization 
due to the birefringence of the liquid crystal cell through the 
birefringence layers A, B whereby a liquid crystal display 
device having a wide viewing angle can be obtained. 
[0008] 

[Mode for carrying out the Invention] 

A polarizing plate with wide viewing field according to 
the present invention includes a birefringence layer A having 
phase difference in a thickness direction which is defined by 
a formula :(ns - nz)d and is set to not more than 300 nm and the 
intra-plane phase difference which is defined by a formula: (ns 
- nf)d and is set to not more than 20 nm and a birefringence 
layer B having the intra-plane phase difference which is set 
to 50 to 200 nm and Nz which is defined by a formula: (ns - nz) 
/(ns - nf) and is set to 0.8 to 3.5 on one side of a polarizing 
layer, wherein ns indicates a refractive index in a lagging axis 
direction, nf indicates a refractive index in a leading axis 
direction, nz indicates a refractive index in a thickness 
direction and d indicates a layer thickness, and the lagging 
axis of the birefringence layer B and the transmission axis of 
the polarizing layer have either a relationship of being 
parallel to each other or a relationship of intersecting each 
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other at a right angle. An example is shown in Fig. 1 and Fig. 
2. Numeral 1 indicates a polarizing layer, numeral 3 indicates 
a superposed birefringence layer which consists of a 
birefringence layer A31 and a birefringence layer B32, and an 
arrow direction indicates the directions of the transmission 
axis and the lagging axis. Here, numeral 2 indicates an 
adhesive agent layer. 
[0009] 

As the polarizing layer, any suitable layer which can 
obtain a given polarized state can be used. Particularly, it 
is preferable to use a layer which can obtain the transmission 
light in the linear polarized state. As an example, a 
polarizing film which is produced in such a manner that iodine 
and/or dichromism dye is absorbed in a hydrophilic polymer film 
such as a polyvinyalcohol-based film, a partially-formal 
polyvinylalcohol-based film, an ethylene-vinylacetate 
copolymer-based partially soponif icated film and then the film 
is drawn, a polychloride oriented film such as a dehydrated 
polyvinylalcohol or a desalinated polyvinylchloride or the like 
is named . 
[0010] 

The polarizing layer, particularly the polarizing film, 
may be provided with a transparent protective layer on either 
one side or both sides thereof. In such a case, by using the 
transparent protective layer exhibiting given birefringence 
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characteristics, the layer may be used as either the 
birefringence layer A or B. Further, the polarizing layer may 
be of a reflection type which has a reflection layer. The 
reflection-type polarizing layer is served for forming a liquid 
crystal display device of a type which performs a display by 
reflecting incident light from the viewing side (display side) . 
The reflection-type polarizing layer has advantages including 
an advantage that it becomes possible to omit the incorporation 
of a light source such as a backlight or the like so that the 
liquid crystal display device can be made thin. 
[0011] 

The transparent protective layer can be suitably formed 
as a laminated member which is made of a plastic coating layer 
and a protective film or the like. To form the transparent 
protective layer, plastic or the like which exhibits exciellent 
properties with respect to the transparency, the mechanical 
strength, the thermal stability, the moisture shielding 
property and the like can be suitably used. As an example, 
polyester-based resin, aacetate-based resin, 

polyethersulf one-based resin, polycarbonate-based resin, 
poliamide-based resin, polyimide-based resin, polyolefin- 
based resin, acrylic resin, or acrylic and urethane-based resin, 
acrylic urethane-based resin, epoxy-based resin, silicone- 
based thermosetting-type resin or ultraviolet-curing-type 
resin or the like can be named. The transparent protective 
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layer may be formed such that a surface thereof has a fine 
irregular structure by containing fine particles therein. 
[0012] 

The reflection-type polarizing layer may be formed by a 
suitable method such as a method in which the reflection layer 
made of metal or the like is adhered to one surface of the 
polarizing layer through a transparent resin layer or the like 
when necessary. As a specific example, a method which applies 
a foil or a vapor-deposited film made of a reflection film such 
as aluminum or the like onto one surface of the transparent resin 
layer such as a protective film or the like which is subjected 
to a mat finishing when necessary or a method which applies a 
metal reflection layer onto the fine irregular surface 
structure of the above-mentioned transparent resin layer 
containing fine particles using a vapor deposition method, a 
plating method or the like is named. 
[0013] 

As the birefringence layers A, B, any suitable layers 
which exhibit given phase differences or the like due to the 
birefringence can be used. Particularly, layers which are 
formed by giving the birefringence to various light- 
transmitting films by making the films subjected to the drawing 
treatment or the layers which orient anisotropic material such 
as liquid crystal polymer or the like on an orientation film 
of a liquid crystal polymer, or an orientation film of a 
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substrate can be preferably used. Particularly, It is 
preferable to use birefringence layers which are formed by 
giving the birefringence to films having the excellent 
transmittivity which exhibit the light transmittance of not 
less than 70 %, preferably not less than 80 %, more preferably 
not less than 85 %. 
[0014] 

As the above-mentioned light-transmitting film, a film 
made of polycarbonate, polyarylate, polysulfone, polyethylene 
terephthalate, polyether sulfone, polyvinyl alcohol, 
polyolefin such as polyethylene or polypropylene and 
cellulose-based polymer such as triacetylcellulose, 
polys tylene, polymethy-metha-acrylate, polyvinyl chloride and 
polyvinylidene chloride, polyimide or the like is particularly 
preferable, 
[0015] 

The orientation treatment for giving birefringence to the 
light transmitting film can be performed by a suitable method 
such as a uniaxial drawing treatment or a biaxial drawing 
treatment which is performed while holding ends of film in a 
free state or in a fixed state. In the present invention, a 
film which is oriented in a thickness direction or a film whose 
direction of the main refractive index is inclined with respect 
to a normal direction of the film or the like can be used. The 
phase difference characteristics due to the birefringence can 
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be adjusted by controlling the orientation treatment conditions 
such as the drawing method, the drawing condition or the like 
or by changing the forming material whereby the birefringence 
layer which can be served for the present invention can be formed. 
Further, the birefringence layers A, B which are used in the 
present invention may be formed by laminating a plurality of 
phase difference plates such that the birefringence, layers A, 
B exhibit given phase difference characteristics. 
[0016] 

In the present invention, the birefringence layers which 
are arranged on one side of the polarizing layer are formed of 
the superposed birefringence layer consisting of the 
birefringence layer A and the birefringence layer B and the 
birefringence layer A has the phase difference in a thickness 
direction of not more than 300 nm and the intra-plane phase 
difference of not more than 20 nm. Further, the birefringence 
layer B has the intra-plane phase difference of 50 to 200 nm 
and Nz of 0.8 to 3.5 and the birefringence layer B is arranged 
such that the lagging axis thereof has either a parallel 
relationship or an orthogonal relationship with respect to the 
transmission axis of the polarizing layer. Here, assuming the 
refractive index in a lagging axis direction as ns, the 
refractive index in a leading axis direction as nf, the 
refractive index in a thickness direction as nz, and the layer 
thickness as d, the above-mentioned phase difference in a 
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thickness direction can be defined by a formula : (ns - n2)/d^ 

Furher, the intra-plane phase difference (And) is defined by 
a formula : (ns - nf)d and Nz is defined by a formula : (ns - 
nz)/(ns - nf). Respective refractive indices are based on the 
sodium D-line. 
[0017] 

In the above explanation, the arrangement of the lagging 
axis of the birefringence layer B in either the parallel 
relationship or the orthogonal relationship with respect to the 
transmission axis of the polarizing layer is provided for 
obviating the lowering of the brightness and the contrast by 
preventing the influence of the phase difference of respective 
birefringence layers in the above-mentioned front direction. 
Further, with respect to the superposition of the birefringence 
layers, in the arrangement state adopting either the parallel 
relationship or the orthogonal relationship, when the viewing 
angle is displaced from the front direction, the direction of 
the lagging axis direction of the birefringence layer B is 
changed thus giving rise to the displacement of the parallel 
relationship or the orthogonal relationship whereby the optical 
anisotropy of the birefringence layer is generated 
corresponding to a displacement quantity. Accordingly, by 
controlling a change quantity of the above-mentioned lagging 
layer based on the intra-plane phase difference and Nz of the 
birefringence layer A and the birefringence layer B, the 
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generation quantity of the optical anisotropy in the 

birefringence layers can be adjusted. 

[0018] 

That is, the above explanation implies that the control 
of the phase difference in a thickness direction through the 
birefringence layer A having the least intra-plane phase 
difference while optimizing the intra-plane phase difference 
and Nz of the birefringence layer B is advantageous for 
enlarging the viewing angle range having the well visibility. 
The preferable birefringence layer A from a viewpoint of 
enlarging the viewing angle range of well visibility is a layer 
which sets the intra-plane phase difference to not more than 
18 nm, preferably to not more than 15 nm, and particularly 0 
to 10 nm, the phase difference in the thickness direction to 
not more than 250 nm, preferably not more than 220 nm, and 
particularly to 30 to 200 nm. The birefringence layer A whose 
intra-plane phase difference exceeds 2 0 nm or the birefringence 
layer A whose phase difference in a thickness direction exceeds 
300 nm suffers from the poor ability to control the above- 
mentioned change of the lagging axis and hence, the 
birefringence layer A suffers from the power to enlarge the 
viewing angle range of the well visibility. 
[0019] 

The preferable birefringence layer B from a viewpoint of 
enlarging the viewing angle range of well visibility is a layer 
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which sets the intra-plane phase difference to 60 to 190 niti;. 
preferably to 80 to 170 nm, and particularly 100 to 140 nm and 
Nz to not more than 3.3, preferably not more than 3.0, and 
particularly not more than 2.8. When the intra-plane phase 
difference is less than 50 nm, the birefringence layer suffers 
from the poor compensation effect for the change of the viewing 
angle, while when the intra-plane phase difference exceeds 200 
nm, there may arise a case in which the color change such as 
coloring or the like is generated due to the chromatic 
dispersion of the difference of birefringence. Further, when 
the value of Nz is less than 0.8 or exceeds 3.5, the change 
of the lagging axis due to the viewing angle becomes large and 
hence, the viewing angle range which can be compensated becomes 
narrow whereby it is difficult to obtain the wide viewing angle. 
[0020] 

Although the order of arrangement of the birefringence 
layers A, B with respect to the polarizing layer is arbitrary, 
from a viewpoint of making the polarizing plate having wide 
viewing field thin or the like, it is preferable to use the 
birefringence layer A31 shown in the drawing such that the 
birefringence layer A31 also works as a transparent protective 
layer of the polarizing layer 1 at the polarizing layer side. 
In this case, from a viewpoint of the phase difference 
characteristics and the like, it is particularly preferable to 
use an triacetylcellulose film to form the birefringence layer 
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A. Here, since the thickness of the birefringence layers A, 
B relates to the intra-plane phase difference as mentioned above, 
the thickness can be suitably determined based on the targeted 
phase difference characteristics. In general, however, the 
thickness is set to 5 to 500 ^im, preferably 10 to 350 jxiti, and 
particularly to 20 to 200 jim. 
[0021] 

Although the polarizing plate having wide viewing field 
may be preferably used for the compensation of the viewing angle 
characteristics due the birefringence of the liquid crystal 
cell, the polarizing plate may be formed by a suitable method 
such as a method which separately laminates the birefringence 
layers A, B and the polarizing layer in sequence in the 
manufacturing process of the liquid crystal display device or 
a method which preliminarily prepares a two-layered or 
three-layered laminated product made of a suitable combination 
of the birefringence layer A, the birefringence layer B and the 
polarizing layer and uses such a laminated product* The latter 
pre-laminating method is more advantageous since the method 
exhibits the excellent stability of quality, the excellent 
laminating operability and other excellent properties so that 
the manufacturing efficiency of the liquid crystal display 
device can be enhanced. 
[0022] 

The lamination and the arrangement of the birefringence 
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layer B to one side of the polarizing layer is performed such 
that the transmission axis of the polarizing layer and the 
lagging axis of the birefringence layer B take the parallel 
relationship or the orthogonal relationship with each other. 
However, the parallel relationship or the orthogonal 
relationship is not limited to the parallel state or the 
orthogonal state in a strict meaning of the terms and hence, 
the arrangement errors in operation are allowed. Further, when 
there exist irregularities with respect to the directions of 
the transmission axis and the lagging axis, they are arranged 
in the parallel relationship or the orthogonal relationship 
based on the average directions as a whole. 
[0023] 

In the above explanation, in laminating the polarizing 
layer and the birefringence layers A, B, they can be fixed to 
each other by means of an adhesive agent when necessary. It 
is preferable to adopt the fixing by adhesion from a viewpoint 
of preventing the displacement of the axial relationship and 
the like. The adhesion may be performed using a suitable 
adhesive agent such as a transparent pressure-sensitive 
adhesive agent including an acrylic-based adhesive agent, a 
silicone-based agent, polyester-based agent, a 
polyurethane-based agent, a polyether-based agent, a 
rubber-based agent or the like. The kind of the adhesive agent 
is not specifically limited. From a viewpoint of preventing 
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the change of optical characteristics, it is preferable to use 
the adhesive agent which requires no high temperature treatment 
at the time of hardening or drying and it is also preferable 
to use the adhesive agent which does not require the hardening 
treatment or the drying time performed for a long time. 
Further, it is preferable to use the adhesive agent which does 
not generate the peeling-off or the like under the heated or 
humidified condition . 
[0024] 

From the above-mentioned viewpoint, it is preferable to 
use an acrylic pressure-sensitive adhesive agent made of an 
acrylic polymer which includes monomer such as (metha) butyl 
aery late, (metha) methyl aery late, (metha) ethyl aery late, 
(metha) acrylic acid and has the mean molecular weight of not 
less than 100,000 and glass transition temperature of not more 

than O'^C. Further, the acrylic pressure-sensitive adhesive 
agent is preferable from a viewpoint that the agent exhibits 
the excellent transparency, whetherability and heat resistance 
and the like. To laminate layers having different refractive 
indices, it is preferable to use an adhesive agent having an 
intermediate refractive index from a viewpoint of suppressing 
the reflection loss. 
[0025] 

Suitable additives such as a filler made of natural or 
synthetic resin or the like, glass fiber, glass beads, metal 
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powder/ inorganic power or the like, pigment, a coloring agent 
or an oxidation prevention agent or the like, for example, is 
blended into the adhesive agent when necessary. Further, the 
adhesive agent may contain fine particles so as to form an 
adhesive agent layer which exhibits the light diffusing 
ability. 
[0026] 

The above-mentioned respective layers such as the 
polarizing layer, the birefringence layers A, B, the 
transparent protective layer, the adhesive agent layer or the 
like may have the ultraviolet ray absorption power by a method 
which processes these layers using an ultraviolet ray absorbent 
such as a salicrylate ester-based compound, a benzophenol-based 
compound, a benzotriazole-based compound, a cyanoacrylate- 
based compound, a nickel complex salt-based compound or the like, 
for example. 
[0027] 

The formation of the liquid crystal display device using 
the polarizing plate having wide viewing field of the present 
invention is performed by substantially following the 
conventional manner. That is, the liquid crystal display 
device is, in general, formed by suitably assembling 
constituent parts such as the liquid crystal cell, the 
polarizing layer, the birefringence layers which are served for 
optical compensation and, when necessary, the illumination 
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system and the like and thereafter by incorporating a driving 
circuit. In this embodiment, there is no specific limitation 
except for a point that the polarizing plate having wide viewing 
field is mounted on at least one side of the liquid crystal cell 
and hence, the liquid crystal display device can be formed 
substantially in the conventional manner. 
[0028] 

Accordingly, a suitable liquid crystal display device 
such as a liquid crystal display device which arranges the 
polarizing plate having wide viewing field at one side or both 
sides of the liquid crystal cell or the liquid crystal display 
device which uses a backlight or a reflection plate as an 
illumination system can be formed. In this case, from a 
viewpoint of the compensation effect, it is preferable to 
arrange the birefringence layers A, B between the liquid crystal 
cell and the polarizing layer, and more particularly between 
the liquid crystal cell and the viewing-side polarizing layer. 
At the time of actually using the polarizing plate having wide 
viewing field, the polarizing plate can be used in a suitable 
mode in which the polarizing plate constitutes a laminated 
product together with other optical elements or the like for 
forming the liquid crystal display device. 
[0029] 

Fig. 3 and Fig. 4 show a constitutional example of the 
liquid crystal display device which uses the polarizing plate 
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having wide viewing field. Numeral 4 indicates the liquid cell, 
numeral 5 indicates a backlight system and numeral 6 indicates 
a reflection layer. Here, numeral 7 indicates a light diffusion 
plate. The liquid crystal display device shown in Fig. 3 is 
of a backlight-type illumination system which arranges 
polarizing plates having wide viewing field at both sides and 
the liquid crystal display device shown in Fig. 4 is of a 
reflection-type illumination system which arranges the 
polarizing plate having wide viewing field only at one side. 
[0030] 

In the above explanation, the constituent parts of the 
liquid crystal display device may be in a state that they are 
integrally laminated or in a state that they are suitably 
separated. Further, in forming the liquid crystal display 
device, suitable optical elements such as a diffusion plate, 
an anti-glare layer, a reflection prevention layer, a 
protective layer, a protective plate or the like may be suitably 
arranged. The polarizing plate having wide viewing field may 
be suitably used in various kinds of display devices such as 
a TFT type, a MIM type or the like which uses the liquid crystal 
cell exhibiting the birefringence of TN type or STN type. 
[0031] 

[Experiment] 
Experiment 1 

A polyvinylalcohol film having a thickness of 80 ^im was 
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subjected to a drawing treatment at a drawing rate of 5 in an 
iodine aqueous solution and thereafter was dried to obtain a 
polarizing film. Onto one surface of the polarizing film, a 
birefringence film A being made of a biaxial drawing product 
of a triacetylcellulose film and having And : 6 nm (Nz: 10) and 
the phase difference in a thickness direction of 60 nm was 
adhered by way of a polyvinylalcohol-based adhesive layer 
having a thickness of 15 [mm. Thereafter, onto the birefringence 
film A, a birefringence film B which has And : 115 nm and Nz : 
1 . 0 and was obtained by making a polycarbonate film having a 

thickness of 60 ^m drawn by 1.08 times using a drawing treatment 
in which the polycarbonate film was made to pass between rollers 
having different peripheral speeds under an atmosphere of 160 
*^C was adhered by way of an acrylic tacky adhesive layer having 
a thickness of 2 0 juim to obtain a polarizing plate having wide 
viewing field. Here, the adhesion treatment was performed such 
that the transmission axis of the polarizing film B and the 
lagging axis of the birefringence film are in the parallel 
relationship. 
[0032] Experiment 2 

Except for a point that a film which has And : 80 nm and 
Nz : 2 . 0 and was obtained by making a polycarbonate film having 

a thickness of 60 ^im subjected to a biaxial drawing treatment 
under an atmosphere of 160 ""C was used as the birefringence film 
B, the polarizing plate having wide viewing field was obtained 



22 



in the substantially same manner as the experiment 1. 
[ 0033 ] Comparison Example 1 

Only the polarizing film obtained in the substantially 
same manner as the experiment 1 was used. 
[0034] Comparison Example 2 

Except for a point that the acrylic tacky adhesive layer 
and the birefringence film B were not provided to an outside 
of the birefringence film A, the polarizing plate was obtained 
in the substantially same manner as the experiment 1. 
[0035] Comparison Example 3 

Except for a point that the polarizing film and the 
birefringence film B were directly adhered to each other by way 
of the acrylic tacky adhesive layer without using the 
birefringence film A, the polarizing plate was obtained in the 
substantially same manner as the experiment !• 
[0036] Comparison Example 4 

Except for a point that a film which has And : 350 nm and 
Nz : 1.0 and was obtained by making a polycarbonate film having 

a thickness of 60 ^m drawn by 1.15 times using a drawing treatment 
in which the polycarobonate film was made to pass the rollers 
having different peripheral speeds under an atmosphere of 160 
""C was used as the birefringence film B, the polarizing plate 
was obtained in the substantially same manner as the experiment 
1. 

[0037] Comparison Example 5 
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Except for a point that a film which has And : 4 0 nm and 
Nz : 1.0 and was obtained by making a polycarbonate film having 

a thickness of 60 fxm drawn by 1.03 times using a drawing treatment 
in which the polycarobonate film was made to pass the rollers 
having different peripheral speeds under an atmosphere of 160 

""C was used as the birefringence film B, the polarizing plate 
was obtained in the substantially same manner as the experiment 
1. 

[003 8] Comparison Example 6 

Except for a point that a film which has And : 20 nm and 
the phase difference in a thickness direction of 350 nm and was 
obtained by making a polycarbonate film having a thickness of 
60 fxm subjected to a biaxial drawing treatment under an 
atmosphere of 160 ""C was used as the birefringence film A, the 
polarizing plate was obtained in the substantially same manner 
as the experiment 1 . 
[003 9] Evaluation Test 

The polarizing plates (having wide viewing field) 
obtained by the experiments and the comparison examples were 
arranged at both sides (front /rear) of the TFT type liquid 
crystal cells and the viewing angle range in the left and right 
directions as well as in the upper and down directions which 
does not generate the deterioration of contrast and the 
inversion of gray scale due to black color blurring (blacking 
of display) or white color blurring (whitening of display) was 
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investigated . 
[0040] 



The result of the test was shown in a following table. 





Viewing angle range (degree) 


Left and right 
directions 


Upward and downward 
directions 


Embodiment 1 


160 


40 


Embodiment 2 


160 


70 


Comparison example 1 


50 


35 


Comparison example2 


60 


30 


Comparison examples 


100 


35 


Comparison example4 


40 


25 


Comparison examples 


60 


30 


Comparison examples 


80 


45 



[0041] 



From the table, due to the comparison of the embodiments 
and the comparison example 1 which uses only the polarizing film, 
it is understood that the embodiments have remarkably improved 
the viewing angle range in the left and right directions and 
have slightly improved the viewing angle range in the upward 
and downward directions. Further, due to the comparison of the 
embodiments with the comparison examples 2 to 6, it is 
understood that the superposition of the layers which satisfies 
given birefringence characteristics is advantageous for 
enlarging the viewing angle range. The poor visibility in the 
embodiments and the comparison example 1 are brought about by 
the inversion of gray scale. 
[Brief Explanation of the Drawings] 

[Fig. 1] A partial cross-sectional perspective view of an 
example of a polarizing plate having wide viewing field. 
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[Fig. 2] A partial cross-sectional perspective view of another 
example of a polarizing plate having wide viewing field. 
[ Fig . 3 ] A cross-sectional view of an example of a liquid crystal 
display device. 

[Fig. 4] A cross-sectional view of an example of other liquid 

crystal display device. 

[Explanation of Symbols] 

1: polarizing layer 

2: adhesive agent layer 

3: superposed birefringence layer 

31: birefringence layer A 

32: birefringence layer B 

4: liquid crystal cell 
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[Abstract ] 

[Task] To obtain a polarizing layer which can enlarge a 
well-visible region in a liquid crystal display device. 
[Means for solving the Task] 

A polarizing plate with wide viewing field forming a 
birefringence layer A (31) having the phase difference in a 
thickness direction which is defined by a formula: (ns - nz)d 
and is set to not more than 3 00 nm and the intra-plane phase 
difference which is defined by a formula: (ns - nf)d and is set 
to not more than 20 nm and a birefringence layer B (32) having 
the intra-plane phase difference which is set to 50 to 200 nm 
and Nz which is defined by a formula: (ns - nz) /(ns - nf) and 
is set to 0 • 8 to 3 . 5 on one side of a polarizing layer ( 1 ) / wherein 
ns indicates a refractive index in a lagging axis direction, 
nf indicates a refractive index in a leading axis direction, 
nz indicates a refractive index in a thickness direction and 
d indicates a layer thickness, and the lagging axis of the 
birefringence layer B and the transmission axis of the 
polarizing layer have either a relationship of being parallel 
to each other or a relationship of intersecting each other at 
a right angle. 
[Effect] 

The degrading of brightness and contrast in a front 
surface direction perpendicular to a surface of the polarizing 
layer can be prevented, the state change of linear polarized 
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light by the birefringence of a liquid crystal cell is 
compensated, a well-visible region which has no color change 
such as coloring and no gray scale inversion and is excellent 
in contrast and brightness can be enlarged and the liquid 
crystal display device having the wide viewing angle range can 
be obtained. 
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